INTRODUCTION
Hydrolysis of membrane phospholipids generates diacylglycerol (DG) second messengers [1, 2] that stimulate the activity of protein kinase C [3, 4] . Attenuation of protein kinase C-mediated action will result from DG metabolism by DG kinase and/or the concerted action of DG and monoacylglycerol (MG) lipases [2, 5] . DG catabolism by the lipase pathway in platelets [6, 7] , fetal membranes and decidua vera [8] , neutrophils [9] , rabbit aorta [10] , rat brain microvessels [11] and dorsal root ganglion neurons [12] proceeds by the ordered cleavage of the acyl group in the sn-I position of the glycerol backbone, followed by hydrolysis of the sn-2 acyl chain in the 2-MG intermediate. The lipase pathway can therefore release arachidonic acid from the sn-2 position of arachidonate-enriched DG, which can then be converted into other cellular mediators [5] . The DG lipase pathway is required for the prostanoid-dependent contraction of gastric smooth (longitudinal) muscle induced by epidermal growth factor [13] .
In platelets, phosphorylation of DG by DG kinase represents the principal biochemical mechanism for signal termination [14] . However, DG lipase activity measured in vitro was greater than DG kinase activity in decidua vera [8] , cardiac myocytes [15] and rabbit aorta [10] . Dioctanoylglycerol (diC8), a cell-permeant DG analogue that activates protein kinase C in intact cells [16] , has been used to monitor the flux of the DG through metabolic pathways in platelets [14] and other cells [17] [18] [19] . Metabolism of exogenous radiolabelled diC8 by rabbit aortic smooth-muscle cells [17] and cultured AI0 smooth-muscle cells [18] demonstrated that the DG lipase pathway was the predominant route for DG metabolism, consistent with measurements in vitro of DG lipase activity [10, 18] .
DG kinase has been purified to homogeneity from brain [20, 21] . By comparison, most studies on DG lipase [6, 10, [22] [23] [24] (2 mM) also selectively stimulated lipase activity (up to 10-13- [25, 26] have described the partial purification of membranebound DG lipases from bovine brain. Given 100 ,sM phosphatidylserine and 50 mM potassium phosphate (pH 7.0). After incubations for 20-60 min at 37°C, reactions were terminated and the release of 14C-labelled fatty acids was measured after liquid-liquid partitioning [11, 27] . DG 
Preparation of subcellular fractions from bovine aorta
Frozen bovine aortae were purchased from Pel-Freez Biologicals (Rogers, AR, U.S.A.). A portion of bovine aorta was thawed at 4°C in a solution of 1 mM EDTA, 1 mM dithiothreitol and 20 mM Hepes (pH 7.4; buffer A). After removal ofthe adventitia, the intima-media (approx. 30 g) was cut into small pieces and homogenized in 10 vol. of cold buffer A with a Polytron P-10 tissue homogenizer (2 x 30 s, rheostat setting of 7). The homogenate was then centrifuged at 1000 g for 20 min, and the supernatant was filtered through glass wool. The precipitate was re-suspended in buffer A, re-homogenized, and centrifuged again at 1000 g for 20 min. After filtration, the low-speed supernatants were combined and centrifuged at 100000 g for 60 min to obtain a high-speed supernatant fraction (S100). The pellet was resuspended in buffer A and homogenized in a Potter-Elvehjem homogenizer.
Partial purification of DG ilpase from bovine aorta A sample of the S100 fraction containing approx. 220 mg of protein was adjusted to 5.0% (w/v) Triton X-100. After dissolution of the detergent and further mixing for 30 min at 4°C, the sample was subjected to (NH4)2SO4 precipitation. At 4°C in the presence of (NH4)2SO4 (between 20 and 30 % saturation), Triton X-100 partitions as a floating detergent phase, due to lowering of the detergent's cloud point [29] . Therefore the sample was adjusted from 0 to 20% saturation by addition of solid (NH4)2SO4, equilibrated for 30 min at 4°C, and centrifuged at 25000 g for 20 min. After centrifugation, the supernatant was adjusted to 30 %-satd. (NH4)2SO4 and equilibrated for 30 min as before. The 20-30 %-satd.-(NH4)2SO4 sample was centrifuged at 4°C at 100000 g for 30 min in thin-walled polyallomer tubes (Beckman Instruments, Mississauga, Ontario, Canada), after which the infranatant was removed dropwise after puncture of the tubes. The detergent-enriched phase and the pellet remaining in the centrifuge tube were resuspended in up to 5 vol. of 1 The enzyme was very stable in the crude S100 fraction; activity was retained for over 6 months when the S100 fraction was stored at -80°C. DG lipase in the S100 fraction was very hydrophobic and preaggregated. Routine (NH4)2S04 precipitation of DG lipase was not possible, as up to 30 % of enzyme activity precipitated before 20 % saturation. Therefore, phase partitioning [29] by (NH4)2504 precipitation of the SI00 fraction in the presence of 5.0 % Triton X-100 was utilized as the initial fractionation step; DG lipase readily partitioned into the detergent phase. Inclusion of detergent was also necessary for all subsequent purification procedures. Chromatography on DEAE-Sephacel and heparinSepharose was carried out in the presence of CHAPS, since Triton X-100 did not resolve lipase activity to the same degree. Fractionation of the S100 extract by (NH4)2SO4 in the presence of CHAPS resulted in a poor recovery of enzyme activity.
Although the use of detergents was a pre-requisite for purification, their subsequent introduction into lipase assays markedly affected activity measurements. The effect of varying concentrations of Triton X-100 on the activity of DG lipase in the S100 fraction is shown in Figure 1 
Figure 2 DEAE-Sephacel chromatography of aortic DG lipase
The detergent extract obtained from (NH4)2S04 precipitation in the presence of 5.0% Triton X-100 was applied to a DEAE-Sephacel column. DG lipase activity (A) was eluted by an increasing linear NaCI gradient (----) after washing the column with buffer C and assayed as described in the Experimental section ([14C]diolein substrate with 0.1% Triton X-100). Fraction volumes were 3.0 ml; the A280 is also shown (A). The prominent increase in A2 0 seen in early fractions was largely due to the elution of Triton X-100 during loading of the detergentenriched (NH4)2S04 extract.
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Figure 3 Heparin-Sepharose chromatography of aorUt DG Ilpase
Fractions containing DG lipase activity from DEAE-Sephacel were pooled, dialysed and loaded on to a heparin-Sepharose column. DG lipase activity (A) was eluted by an increasing linear NaCI gradient (----) and was Fractions containing DG lipase activity from heparin-Sepharose were pooled, adjusted to 300 mM NaCI and loaded directly on to an octyl-Sepharose column at 4°C. After washing the column sequentially with buffers containing 5 mM CHAPS and 300 mM NaCI (----), DG lipase activity (A) was eluted by an increasing linear Triton X-100 gradient (TX-100; ) and assayed as described previously. Fraction volumes were 1.2 ml; the A280 (-) documenting the saturation of the column with Triton X-100 is also shown.
activity was eluted at 160-180 mM NaCl from the DEAESephacel (Figure 2 ) and at 150-160 mM NaCl for the heparin-Sepharose columns (Figure 3) . The lipase remained tightly bound to octyl-Sepharose even in the presence of 20 % glycerol and in the absence of NaCl, and was eluted only when the column was perfused with Triton X-100 (Figure 4) . Multiple bands were evident on silver-stained SDS/polyacrylamide gels of octyl-Sepharose fractions. Other techniques, including chromatography on thiopropyl-Sepharose and hydroxyapatite, or gel filtration, did not improve the overall purification. Consequently it was decided to characterize the properties of this partially purified lipase preparation.
The effect of Triton X-100 on DG lipase activity in the final octyl-Sepharose fraction is shown in Figure l(b) . The detergent produced a slight stimulation of [3H]diC8 hydrolysis by the partially purified enzyme, whereas S100 lipase activity was inhibited (Figure la) . Triton X-100 stimulated the hydrolysis of 1-[14C]POG b.y the octyl-Sepharose fraction (Figure lb) with the same sensitivity as for the S100 fraction (Figure la) , but the extent of the stimulation (45-fold increase in lipase activity) was much greater than that observed for the S100 fraction. Hydrolysis of 2-['4C]SAG by the octyl-Sepharose fraction could not be detected in the absence of Triton X-100. Nonidet P-40 (0.1 %) produced a 43-fold stimulation of 1-[14C]POG hydrolysis, comparable with that seen with Triton X-100. The addition of 0.1 % Tween 20 resulted in a 3-fold increase in lipase activity. Due to the differential effects of Triton X-100 on lipase activity determined with short-and long-chain DG substrates in the S100 starting fraction and partially purified fraction (Figure 1) , the presence or absence of the detergent in assays with different substrates had a marked effect on the changes in enzyme specific activity at the various stages of the purification protocol. Table 1 Puriflcation of DG lipase from bovine aorta DG lipase activity in Sl00 and partially purified fractions was measured as described in the Experimental section; 0.1% Triton X-100 (TX-100) was included in assays with 1- relative specific activity was obtained for the octyl-Sepharose sample when assayed with [3H]diC8 (Table 1 ). If Triton X-100 (0.1 %) was present, DG lipase activity ([3H]diC8 hydrolysis) in the S100 and octyl-Sepharose fractions was 112 and 20 270 units/ mg respectively, giving a 181-fold increase in specific activity under these assay conditions. The rates of hydrolysis of the two long-chain substrates, 1-[14C]POG and 2-[14C]SAG, determined in the presence of Triton X-100, were very similar for each of the steps, and gave 227-and 274-fold increases in specific activity for the octyl-Sepharose fraction ( Table 1) . As noted previously with a different partially purified enzyme preparation (Figure 1 ), the hydrolysis rates for [3H]diC8 and 1-[14C]POG plus Triton X-100 were very similar in the octyl-Sepharose fraction (Table 1 ). In four separate purification protocols, DG lipase activity was increased by 60.0 + 22.7-fold in the final octyl-Sepharose fraction, with an overall yield of 4.9 + 0.5 %, based on diC8 hydrolysis. By comparison, hydrolysis of the long-chain 1-[14C]POG increased 155 + 41.7-fold (n = 4) at the octyl-Sepharose step (assays containing Triton X-100). DG kinase activity was 4-fold and 15-fold greater than lipase activity in the S100 fraction when assayed with [3H]diC8 and 1-[14C]POG respectively, but could not be detected after the first column step (results not shown).
Reaction rates were linear with respect to total protein for both S100 (5-50 /sg) and octyl-Sepharose (0.025-0.20 jug) fractions. The presence of 0.1 % Triton X-100 in assays with the 1-[14C]POG substrate enhanced the linearity of DG lipase assays with respect to total protein and time of incubation. The partially purified DG lipase exhibited a neutral to slightly alkaline pH optimum (pH 7.0-8.0), with very little acid lipase activity (results not shown). Although MG lipase activity could be measured in the S100 fraction (Figure la) , MG lipase activity could not be detected in the octyl-Sepharose fraction. However, the sensitivity of MG lipase assays of partially purified fractions was compromised by the inhibitory effects of Triton X-100 (Figure la) , which precluded assays with larger sample volumes. Similar difficulties were encountered in assays for sn-2 lipase activity (release of 14C-labelled fatty acids) using 2-[14C]POG or 2-[14C]SAG substrates.
Triacylglycerol lipase activity was detected in both the S100 and octyl-Sepharose fractions. S100 triacylglycerol lipase activity (measured with [14C]triolein) was increased from 2.8 + 0.6 to 8.5 + 3.2 units/mg (both n = 3) by addition of 0.1 0% Triton X-100. By comparison, octyl-Sepharose triacylglycerol lipase activity was 1390 + 254 units/mg (n = 3), and was not enhanced by Triton X-100 (1400+ 531 units/mg; n = 3). Cholesterol esterase activity was not detectable in the octyl-Sepharose fraction.
DG lipase and kinase activities can be measured simultaneously when assay incubations contain ATP and MgCl2 [10, 11, 17] . DG [14, 15, 17, 34] . Furthermore, diC8 has been used to determine the biochemical pathways responsible for the metabolism of DG second messengers by intact cells [14, [17] [18] [19] . SAG has been termed a 'physiological' DG in signal-transduction pathways involving phosphoinositide breakdown [1] [2] [3] 5] . However, levels of SAG increase transiently in response to receptor stimulation, so that turnover of phosphoinositides enriched in arachidonic acid may contribute only modest quantities of DG in relation to the total cellular DG pool [35, 36] . Molecular-species analysis has shown that other DGs, including POG and 1,2-dioleoyl-sn-glycerol, were the predominant species generated as part of a sustained increase in DG mass, likely from the catabolism of phosphatidylcholine [36] . Therefore we considered it important to characterize our partially purified DG lipase preparation with both short-chain (diC8) and long-chain (POG, SAG) substrates.
The interpretation of changes in the relative degree of purification for aortic DG lipase (Table 1) is complicated by substratespecific effects of Triton X-l00 that also depend on the particular enzyme fraction. The stimulation of 1-[14C]POG hydrolysis by Triton X-100 was much greater in the octyl-Sepharose preparation than in the S100 fraction (Figure 1 ). In contrast, Triton X-l00 inhibited [3H]diC8 hydrolysis in the S100 fraction, but produced a slight stimulation of the DG lipase activity in the octyl-Sepharose preparation. Assays conducted with I-[14C]POG in the presence of Triton X-100 gave rates of hydrolysis that were very similar to diC8 hydrolysis ( Figure 1 [37, 38] in the long-chain DG substrate preparation.
Farooqui et al. [26] initially observed that DG lipase activity was enriched in plasma-membrane and microsomal fractions from bovine brain. Membrane-bound lipases solubilized with 0.25 % Triton X-100 had specific activities of 330-450 units/mg, when assayed with a thioester analogue of didecanoylglycerol as substrate [39] . By comparison, the specific activity of DG lipase in the aortic S100 fraction was 170 units/mg (Table 1) [26] reported that DG and MG lipases could be completely resolved by chromatography on heparin-Sepharose. In adipose tissue, both a hormone-sensitive triacylglycerol lipase with positional specificity for sn-1(3)-ester bonds and an MG lipase are required for complete degradation of triacylglycerols [40, 41] . Preliminary work has shown that partially purified aortic DG lipase is sensitive to active site-directed inhibitors such as phenylboronic acid and tetrahydrolipstatin (M. W. Lee and D. L. Severson, unpublished work). These agents may serve as useful affinity probes in the further purification and characterization of the aortic DG lipase.
